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by Michael S.Cowan, Chief Program Officer, Western Area Power Administration.

The Board was appointed to perform an investigation of this accident and to prepare a report
in accordance with DOE Order 225.1A, Accident Investigations.

The discussion of facts, as determined by the Board, and the views expressed in this report
do not assume and are not intended to establish the existence of any duty at law on the part
of the U.S. Government, its employees or agents, contractors, their employees or agents, or
subcontractors at any tier, or any other party.

This report neither determines nor implies liability.




FEB 12 1998

On January 20, 1998, I established a Type-B Accident Investigation Board to investigate
the January 20, 1998, electrical accident at Casa Grande Substation south of Phoenix,
Arizona. The Board’s responsibilities have been completed with respect to this
investigation. The analysis, identification of contributing and root causes, and judgments of
need reached during the investigation were performed in accordance with DOE Order
225.1A, Accident Investigations.

I accept the findings of the Board and authorize the release of this report for general

distribution.
YN e,

Michael S. Cowan, Chief Program
Officer
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Executive Summary

I ntroduction

On January 20, 1998, at 10:07 am (MST), an Apprentice Lineman employed by High Power,
Inc., a Western contractor, was seriously injured when he contacted an energized 12.47 kilovolt
(kV) bus at the Casa Grande Substation, south of Phoenix. The Victim was transported by air
ambulance to the Maricopa Medical Center in Phoenix, AZ.

On January 20, Michael S. Cowan, Western's Chief Program Officer (CPO), appointed a Type-
B Accident Review Board (Appendix A), to investigate the accident in accordance with
Department of Energy (DOE) Order 225.1A, Accident Investigations.

The Board began its investigation on January 21, 1998, and submitted its findings to the
appointing official on February 12, 1998.

Accident Description

The accident occurred at the Casa Grande Substation, which is located on the west edge of the
town of Casa Grande. The weather was clear and dry and the work site was uncluttered.

Prior to the accident, Western's maintenance personnel had removed most of the 115-kV feed as
well asthe 12.47-kV feed to the 12.47-kV main bus, and built a temporary shoo-fly to feed the
12.47-kV main bus loads. This work facilitated access to the bus structure from the south to
allow installation of isolation barriers and other construction work. The isolation barriers, which
were a requirement in the specifications, were to be fabricated from plywood and attached to
the south side and west end of the 12.47-kV bus structure. The intent of the barriers was to pre-
vent equipment from coming in contact with the 12.47-kV main bus. Western employees deter-
mined at an onsite meeting that pieces of rigid-bus protruding towards the south would be in
the way of the barriers. A decision was made to remove these while the main bus was under
clearance for installation of the barriers.

The morning of the accident a clearance was obtained on the 12.47-kV main bus. The Electrical
District loads were served from a 12.47-kV tie from APS back through the 12.47-kV transfer
bus. No Hot Line Order was requested. The points of protection of this clearance were
explained to the Contractor Superintendent when the Special Work Permit was issued.

Following completion of averbal job hazard analysis, an Apprentice Lineman (Victim) was
assigned to assist with removal of three rigid-bus stub jumpers from the main bus. He used a
ladder to access the top of the steel structure. He then positioned himself directly above the
transfer bus in an area that was outside the safe work area of the Clearance. His right foot con-
tacted the energized transfer bus. The APS tieline, which was feeding the loads on the transfer
bus, tripped out upon the initial contact. The line reclosed approximately 5 seconds later. The
Victim, suspended in his body harness and in contact with the transfer bus, experienced a sec-
ond electric shock. The line tripped-out the second time, the recloser locked-out, and the line
remained deenergized. The Victim pulled himself clear of the bus and was safely lowered to the
ground by the Contractor crew.



Western employees telephoned 911 to request emergency assistance. The victim was quickly
transported to Maricopa County Hospital in Phoenix.

Root and Contributing Causes

The Board determined that the root cause of the accident was that the Victim moved outside the
safe work area as defined by the Clearance and Special Work Permit issued by Western. The
Board also identified eight contributing causes that could have eliminated or lessened the sever-
ity of the accident, if they had been adequately addressed.

Conclusions

Western has adequate policies and procedures in place to avert accidents of this type. The train-
ing provided is sufficient to allow implementation of these policies and procedures. However,
the procedures associated with the Special Work Permits, JHAs, and HL Os were not rigorously
followed.

The Contractor’s plan for working near energized equipment was not finalized in writing. It
overlooked the need to work at the minimum safe working distance to install the barriers and
remove the bus pieces. The appropriate request for a HLO was not made by the Contractor. The
Contractor’s employees were aware of the clearance limits, placed personal protective grounds
on the main bus, yet treated the transfer bus as deenergized and grounded.

The Board developed five judgments of need from the conclusions and causal factors. These are
asfollows:

*Western needs to ensure that all parties rigorously follow the Special Work Permit and
JHA procedures.

*Management needs to ensure that procedures for specific sequences of work adjacent to
energized equipment are submitted by the contractor and reviewed by Western.

*Management needs to ensure that the contractor’s plan identifies work near energized
equipment and includes appropriate requests for HLOs.

*Management needs to continually communicate to all involved employees the need to
treat ungrounded equipment as energized. This should be a topic of discussion at all man-
agement/contractor safety related meetings.

*Management needs to ensure that all Western and Contractor employees understand that
they are responsible for their own safety.



Type-B Accident Investigation Report
of the January 20, 1998, Electrical Accident at
the Casa Grande Substation, South of Phoenix, Arizona.

1.0 Introduction

1.1 Background

On January 20, 1998, at 10:07 am (MST), an apprentice lineman employed by High Power,
Inc., a Western contractor, was seriously injured when he contacted an energized 12.47 kilovolt
(kV) bus at the Casa Grande Substation, south of Phoenix. He suffered burns to his left arm,
chest, right thigh, and right foot. The Victim was treated at the scene by emergency medical
technicians and transported by air ambulance to the Maricopa Medical Center in Phoenix, AZ.

On January 20, Michael S. Cowan, Western's Chief Program Officer (CPO), appointed a Type-
B Accident Review Board (Appendix A), to investigate the accident in accordance with
Department of Energy (DOE) Order 225.1A, Accident Investigations.

The Board began its investigation on January 21, 1998, and submitted its findings to the
appointing official on February 12, 1998.

1.2 Accident Site Description

The Casa Grande Substation is located on the west edge of the town of Casa Grande, approxi-
mately 55 miles southeast of the Desert Southwest Regional (DSWR) Office in Phoenix. The
siteislocated approximately 1/2 mile north of State Highway 84 on Thornton Road. The weath-
er at the time of the accident was clear and dry.

The work site on the day of the accident was uncluttered. Prior to the accident, Western's main-
tenance personnel had removed most of the 115-kV feed as well as the 12.47-kV feed to the
12.47-kV main bus, and built a temporary shoo-fly to feed the 12.47-kV main bus loads. This
work facilitated access to the bus structure from the south to allow installation of isolation bar-
riers and other construction work.

1.3 Scope, Conduct, and Methodology

The purpose of the investigation was to determine the causes of the accident, including defi-
ciencies, if any, in Western's construction and contractor management systems, and to help
Western promote safety and reduce the potential for similar accidents.

The Board evaluated the Western Construction Office priorities, contractor/government rela-
tions and interactions, safety precautions, operational controls and management controlsin
place at the time of the accident. Interviews were conducted with witnesses and other appropri-
ate Contractor and Federal personnel.



The Board conducted an extensive review of Western's switching documents, substation and
dispatch logs, dispatcher voice recordings, Construction Specifications, substation drawings,
and both Western’s and Contractor’s safety practices and training records.
The Board used the following accident investigation methods:

*Site visits and interviews

*Events and Causal Factors Analysis

*Barrier Analysis



2.0 Facts and Analysis

2.1 Accident Description and Chronology
2.1.1 Accident Description

The morning of the accident, following completion of averbal job hazard analysis (JHA), the
Apprentice Lineman (Victim) was assigned to assist with removal of three sections of rigid-bus
stub jumpers from the main bus. He used a ladder to access the top of the steel structure. He
then positioned himself directly above the transfer bus in an area that was outside the safe work
area of the Clearance (Appendixes B and C). At this point his right foot contacted the energized
transfer bus. The APS tieline, which was feeding the loads on the transfer bus, tripped out upon
theinitial contact. The line reclosed approximately 5 seconds later. The Victim, suspended in
his body harness and contacting the transfer bus, experienced a second electric shock. The line
tripped-out the second time, the recloser locked-out, and the line remained deenergized. The
Victim pulled himself clear of the bus and was safely lowered to the ground by the contractor
crew (See Exhibits A-1).

2.1.2Chronology of Events

See Figure 1 for a summary of significant events



EXHIBIT A
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EXHIBIT B

Electrical burn mark on south phase of 12.47-kV
transfer bus

EXHIBIT C

View of the prefabricated isolating barriers to be
placed along the south and west sides of the
12.47-kV bus structure
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EXHIBIT D

View showing a burn mark on the bottom of the bolt
head located on the 12.47-kV steel structure

EXHIBIT E

View of a burn mark located on the bottom section
of the steel beam

I ——
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EXHIBIT F

View of burn marks on the bolts located on the
center phase transfer bus

EXHIBIT G

View of electrical burn mark located on the victim'’s
lanyard




EXHIBIT H

View of the victim’s right boot showing the electrical
burns

EXHIBIT |

View showing burn marks on the victim’s pants
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2.1.3 Emergency Response and Investigative Readiness

Following the accident, when the crew was sure that the Victim was clear of the transfer bus,
they safely lowered the Victim to the ground. The crew began first aid procedures by keeping
the Victim calm, warm and comfortable until the EMTs arrived. Western employees immediate-
ly called 911 for medical assistance. Western's Dispatch Office and other appropriate personnel
were promptly notified of the accident. Western and Contractor personnel showed immediate
concern for the welfare of the Victim and their own safety and acted in an effective and timely
manner in response to the accident.

DSWR Safety Office and Western's Construction Office personnel reviewed and secured the
accident site, obtained site photographs, and collected information relative to the accident,
which was presented to the Investigation Board.

The Board found that the Contractor had correctly developed and submitted provisions for

first-aid and medical care, as required by construction specifications. Emergency notifications
were issued in atimely manner in accordance with applicable DOE and Western Orders.

2.2 Hazards, Controls and Management Systems
2.2.1 Construction Safety

Construction Specifications

Western's construction specifications provide for management controls to prevent accidents.
Key provisions relative to this accident are requirements for:

*Contractor submittal of a safety program prior to beginning work, including a require-
ment for a written plan for any proposed work adjacent to energized equipment to
ensure adequate activity hazard analysis and provide for protective measures

*Joint Western and Contractor safety meetings, including a pre-construction safety meet-
ing, management safety awareness meetings, and periodic joint safety meetings

*Contractor’s submittal of the Superintendent’s resume and qualifications proving at
least 3 years experience as a superintendent or foreman and demonstrated knowledge of
OSHA standards

*Maintaining the minimum electrical clearance distance of 10 feet for voltages of 50 kV
or below, as stated in OSHA 1926.550, unless provided written approval by the COR to
use the less stringent electrical clearance distance established in OSHA 1926.950.

*Contractor request of clearances, hot line orders and issuance of special work permits
by Western to the contractor

*Training and knowledge of all contractor employees

10



Pre-construction Meeting

Western routinely holds a pre-construction meeting with both Western and contractor personnel prior to
beginning work under a construction contract. The pre-construction meeting associated with the Casa
Grande Substation, Stage 02, Contract DE-AC65-97WG30340 was scheduled with High Power, Inc., by
letter dated December 22, 1997. A copy of the meeting agenda was enclosed. This meeting was scheduled
for 2 p.m. on January 8, 1998, at Western's DSWR office in Phoenix.

Pre-construction meetings are typically administrative in nature and the agenda for this meeting followed
this format. Specific safety topics were included.

The meeting was held as scheduled and attended by the owner of High Power, Inc., the Contractor
Superintendent, and 10 Western employees. The meeting generally followed the agenda and specifically
referenced the necessity of a pre-construction safety meeting and weekly toolbox meetings. The
Contractor Superintendent’s responsibility for carrying out the Contractor’s safety and health program was
addressed.

Pre-Job Safety Meeting

Western routinely holds a pre-job safety meeting with both Western and contractor personnel prior to
beginning work. The meeting for this contract was held onsite at the Casa Grande Substation January 14,
1998. The minutes of this meeting indicate attendance by the Contractor Superintendent from High Power,
Inc., Western’'s Construction Manager (Acting Field Engineer), Western's Construction Representative
(Inspector) and a Western Safety Specialist.

This meeting, according to the minutes, was comprehensive and included some issues pertinent to the spe-
cific job. Placement of plywood barricades (Exhibit C) on portions of the south and west sides of the bus
structure was discussed. Discussion items included working in close proximity to energized facilities, the
need for a JHA, maintaining safe working distances, hot line orders (HLOs), and proper grounding proce-
dures, including documentation of locations of grounds on the Special Work Permit (Appendix C).

2.2.2 Personnel Qualifications and Experience

Construction Representative

The Construction Representative assigned to Casa Grande Stage 02 at the time of the accident has over 30
years of job experience and has been a Western employee since 1979. During that period he worked with
contractors in several regions of Western and has become known as one of the most knowledgeable
inspectors. He was described by one individua as the inspector with the “most experience” in Western.
This level of respect and trust was confirmed in the interviews conducted by the Board. The Construction
Representative received two significant Western awards in 1997 for his work in substation construction.

The Construction Representative worked with High Power, Inc. on at least five separate jobs and with the
High Power Construction Superintendent assigned to Casa Grande Stage 02 on several of those jobs. This
was considered a plus by Western’'s Construction Office personnel since communications between the two
were considered to be open and frank. The Construction Representative had significant and recent experi-
ence as a switchman. He held a current Switchman Certificate from DSWR dated 11-18-97, and was certi-
fied to switch in the UGPR in 1997.

11



Contractor’s Superintendent

The Contractor’s Superintendent has 15 years experience in the high-voltage construction industry,
including 10 years with High Power, Inc.

He met the Specification experience requirements of 3 years as a superintendent or foreman in high-
voltage substation construction. He also had the requisite OSHA knowledge and had a properly-submit-
ted resume.

Western employees from the three construction offices are familiar with the Construction
Superintendent and his work. In interviews they spoke highly of his abilities, experience, and his sup-
portive attitude toward both the Contractor’s and Western's Safety Programs.

Western's Employees

Western's employees involved in the work on Casa Grande Stage 02 included construction managers,
engineers, craftsmen, and dispatchers. Without exception, these employees had adequate experience
and training to perform the work involved.

Contractor’'s Employees

The Contractor’s workforce, other than the Contractor Superintendent, consisted of two journeyman
linemen and two apprentices. The journeymen had many years of high-voltage construction experience.
The Victim graduated from a lineman training program and had prior experience with a South Dakota
electrical cooperative. These employees were trained in first-aid and CPR.

2.2.3 Western’s Policies and Procedures

Western’s Accident Investigation Program

Western investigates accidents and near-miss incidents to determine root causes and prepare judgments
of need. The judgments of need, which are widely circulated, are intended to prevent future occur-
rences of similar incidents.

Western's Power System Operations Manual, Chapter 1, “ Power System Switching Procedure’

This document establishes coordinated and consistent switching procedures for the safe and reliable
operation and maintenance of those facilities of the Federal power system for which Western is respon-
sible. These procedures include clearances, hot line orders, special conditions, danger tags, genera
switching, and special work permits.

2.2.4 Human Factors and Training

The Board met with personnel involved with the Casa Grande Construction Project and found no evi-
dence of animosity or ill-feeling among themselves or towards Western or High Power, Inc. In fact, the
overall attitude of those involved was positive and supportive of Western's and High Power, Inc’s con-
struction activities and safety programs. The cooperation and working relationship between Contractor
and Western personnel were found to be satisfactory and positive. All individuals stated that they were
not pressured to complete the work in any way other than in a safe manner.
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The Board found no evidence of physical or mental impairment among the Contractor or Western
personnel.

A review of training records showed that contractor crew members and Western personnel had
more than adequate training and experience to perform the work safely.

The Board found that weather conditions at the time of the accident were not adverse and had no
affect on the accident.

2.2.5 Management Systems

Western’'s Occupational Safety and Security Program

This program outlines most aspects of planning and directing the safety program for al activities
including the construction, operation, and maintenance of high-voltage transmission lines, substa-
tions, and related facilities in alarge geographical area. The safety program includes a wide variety
of functions directed at eliminating undesirable operating conditions and minimizing hazards.

Construction is generally performed by contract employees, while operation and maintenance is
performed by Western employees.

The Program allows for comments and input in the development of safety policies and provides
guidelines to field managers and supervisors in the formulation of local safety policy. It
provides general safety oversight and direction at al operational levelsin the field offices for
development of operational and work procedures.

Specific provisions of the safety guidelines:

*Allow review of designs and specifications for new facilities to ensure compliance with
existing safety standards

*Allow review of construction contractor safety programs and work procedures to ensure
compliance with specifications and safety requirements

*Require participation of a safety adviser in meetings between contractor and Western man-
agers

*Promote working with managers and administrative staff to evaluate employee skills and
safety training needs

*Promote participation of operation and maintenance staff in supervisory safety meetings

*Provide technical guidelines to assist supervisor and managers in development of special-
ized safety training

*Require coordination and oversight of complete safety audit system

13



*Provides technical guidance to committees and meetings
*Requires investigation of accidents resulting in personal injury or property damage
*Requires development and implementation of safety awareness programs
2.3 Barrier Analysis
A barrier is defined as anything that is used to control, prevent, or impede a process and is
intended to protect a person or object from hazards. The Board conducted a barrier analysis that
identified safety, administrative, and management barriers that failed. Successful performance
of any of these barriers would have prevented or mitigated the severity of the accident. The bar-

riers that failed are listed in Table 2.1

Table 2.1 Performance of Barriers

Barriers Purpose Performance

Job Preplanning To determine the scope of Barrier failed because the
work and to inform involved | planning was inadequate and
personnel of that scope. not al of the involved per-

sonnel understood all parts of
the scope of work.

Contractor Safety Program To comply with Federal reg- | Barrier failed because the

ulations and establish con- Contractor Victim did not
tractor safe working proce- follow the safe working poli-
dures and policies, cies and procedures estab-

lished in the Safety Program.

Power System Operations To establish coordinated and | The barrier failed because

Manual (PSOM), Chapter 1 consistent switching proce- the personnel involved failed

Switching Procedure dures for the safe and reli- to ensure that the clearance
able operation and mainte- limits stated on the Special
nance of those facilities of Work Permit were adequate

the Federal Power System for the work performed.
for which the Western Area Personnel aso failed to rec-

Power Administration is ognize the need for aHLO.
responsible.
Western's specifications Requires written authoriza- The personnel involved
paragraph on electrical clear- | tion from the COR for con- failed to recognize the need
ance distances, 1.5.9 tractor forces to work at the | to request thiswritten

less stringent electrical clear- | approval from the COR.
ance distances established by
OSHA.

14



Job Hazard Analysis

To identify all potential haz-
ards and develop work pro-
cedures to mitigate those
hazards.

The barrier failed because it
did not adequately identify
the potential hazards.

Training

To ensure Western and con-
tractor employees are well
versed in safe work proce-
dures and policies.

The barrier failed because
employees did not recognize
the inadequacy of the defined
safe working area.

Experience

To utilize the experience of
Western and Contractor per-
sonnel to perform specified
tasks safely and efficiently

The barrier failed because
both Western and Contractor
personnel exhibited so much
trust in each other’s experi-
ence that simple but vital
assertions were not ques-
tioned.

2.4 Causal Factors

The root cause of the accident was that the Victim moved outside the safe work area as defined
by the Clearance and Specia Work Permit issued by Western (Appendix C).

The Board also identified numerous contributing causes. Contributing causes are defined as
those issues that increase the likelihood or the severity of the accident without individually
causing the accident. Contributing causes are important enough to be recognized as requiring

corrective action. The causal factors are identified in Table 2.2.
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Table 2.2 Causal FactorsAnalysis

Root Cause

Discussion

Victim Leaving Safe
Work Area

The Victim moved from an area that was protected by the Clearance
and personal protective grounds to an area that was not protected in
any way. This area (transfer bus) was in fact energized, which was not
recognized by any of the workers or the Construction Representative.
Even so, the Victim and the other linemen were aware that no grounds
had been paced on the transfer bus. The owner of the construction
company had aslogan, “If it isn't grounded, it isn't dead.” This
appeared on all trucks as bumper stickers and was continuously rein-
forced in meetings. This basic principle was ignored by the Victim.

Contributing Causes

Discussion

Western's
Construction
Representative stated
that the 12.47 kV
transfer bus was deen-
ergized.

The Board found no definitive reason as to why the Construction
Representative would believe the transfer bus was deenergized. The
Clearance was clearly for the main bus only. He participated in meet-
ings with the Outage Coordinator where a discussion was held about
feeding the load through the transfer bus. Western's Construction
Specifications for Casa Grande Stage 02 clearly state that concurrent
outages of both buses are not possible.

Contractor’s
Superintendent report-
ed to the linemen that
the entire structure
was deenergized

The Contractor’s Superintendent accepted without question the
Construction Representative's statement that the transfer bus was
deenergized. He repeated this multiple times to his crew. He signed
the Special Work Permit, which clearly stated the points of protection
for the main bus and “walked those points” with the Construction
Representative. He, by virtue of his position, knew or should have
known, of the specification requirement that limits bus outages to one
bus at atime. This knowledge should have corrected the erroneous
idea that the bus was deenergized.

Verbal JHA

The Contractor’s verbal JHA provided discussion regarding points of
protection for the main bus and placement of personal protective
grounds. However, the participants did not identify the hazards associ-
ated with ungrounded equipment that included, but was not limited to,
the grounding transformer KZ3A and the 12.47 kV transfer bus, nor
did the JHA provide for protective measures to mitigate the hazards.

Inadequate Review of
the Special Work
Permit

Involved personnel did not review the Special Work Permit to ensure
that the Clearance limits were adequate for the work planned. The
Special Work Permit procedures had become a routine mechanical
function.

16




Inadequate planning

Pre-job planning, activity hazard analysis, and protective measures
were inadequate because the Contractor did not develop a written plan
and submit it to Western for review and comment. The plan to remove
the rigid-bus stub jumpers from the main bus was inadequate. The
Contractor did not obtain written approval from the COR to work at
the less stringent electrical clearance distances established by OSHA
1926.950. Western's Specifications require the Contractor to maintain
aminimum approach distance of 10 feet for voltages of 50 kV and
below.

Lack of aHot Line
Order

Involved personnel, both Western's and the Contractor’s, failed to rec-
ognize that a HLO would not have directly prevented the accident, but
would have reduced the severity. A HLO would, possibly, have aerted
the workmen to the fact that the bus was energized.

Western's Construction Specifications and the PSOM, Chapter 1, are
clear and specific on the procedures for obtaining a HLO.

One Western employee stated that HL Os are not usually obtained on
buses. In this case the bus was fed by a 12.47 kV line protected by a
circuit breaker that was controlled by a single-shot recloser. A HLO
could have been obtained.

Workers did not take
responsibility for their
own safety

The Contractor’s workers did not take total responsibility for their
own safety. Instead they relied on verbal assurances, based on mutual
trust, that devices were deenergized. They did not critically review the
points of protection listed in the Special Work Permit, nor did they
review the placement of personal protective grounds based on their
understanding that the transfer bus and the grounding transformer
KZ3A were deenergized.

Trust between
Contractor’s
Superintendent and
Western's
Construction
Representative result-
ed in a non-question-
ing attitude.

Western's Construction Representative and the Contractor’s
Superintendent developed significant trust and respect for each other,
often working together on various construction jobs. This relationship
resulted in a non-questioning attitude between both individuals. For
example, when Western's Construction Representative told the
Contractor’s Superintendent that the whole bus structure was deener-
gized, he accepted this without question rather than verifying its con-
dition.
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3.0 Conclusions and Judgments of Need

Conclusions are a synopsis of facts and analytical results that the Board considers especially
significant. Judgments of need are management controls and safety measures believed neces-
sary to prevent or mitigate the probability of recurrence. They flow from the conclusions and
causal factors and are directed at guiding managers in developing followup actions.

Table 3.1 Conclusions and Judgments of Need

Conclusions

Judgments of Need

The Special Work Permit and the JHA proce-
dures failed to prevent the accident because
they were not properly executed.

Western needs to ensure that all parties rigor-
oudly follow the Specia Work Permit and
JHA procedures.

The Contractor’s safety program did not
include written procedures for working near
energized equipment. As aresult of onsite
impromptu planning, Western and the con-
tractor failed to recognize that the minimum
electrical safe working distance required by
Western Specifications would have to be vio-
lated in order to perform the work.

Management needs to ensure that procedures
for specific sequences of work adjacent to
energized equipment are submitted by the
contractor and reviewed by Western.

Western's Specifications and PSOM, Chapter
1, require a HL O when working on or near
energized equipment. The planned work was
near energized equipment, however, the need
for aHL O was not recognized.

Management needs to ensure that the con-
tractor’s plan identifies work near energized
equipment and includes appropriate requests
for HLOs.

The Contractor employees and Western's
Construction Representative erroneously
believed that the entire 12.47-kV bus struc-
ture was deenergized. They treated the whole
structure as if it were grounded, when in
reality, only the main bus was grounded.

Management needs to continually communi-
cate to all involved employees the need to
treat ungrounded equipment as energized.
This should be atopic of discussion at all
management/contractor safety related meet-
ings.

The workmen did not take responsibility for
their own safety. They relied on othersto
ensure that the entire 12.47-kV bus structure
was a safe work area.

Management needs to ensure that al Western
and Contractor employees understand that
they are responsible for their own safety.
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4.0 Board Signatures

Date; o~/ - 78

Gerald C. Wegner
Accident Investigation Board Ch
Western Area Power Administration
Billings, Montana

rson

Date: Z // 2,/7 3/

Patrick M. Doak

Accident Investigation Board Member
Western Area Power Administration
Huron, South Dakota

7:: /J’*M | Date: 3./ ‘9"/“3

Troy E. Henry
Accident Investigation Board Member
Western Area Power Administration

Loveland, Color

Date: /

Date: Z/ { Z/ 78

Douglag N. Harness

Legal Advisor

Western Area Power Administration
Golden, Colorado
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5.0 Board Members, Advisors and Staff

Chairperson

Member

Member

Member
Member/Lega Advisor

Technical Writer

Gerald C. Wegner, Western, UGPR

Patrick M. Doak, Western, UGPR

Troy E. Henry, Western, RMR

Lazaro ( Larry ) M. Romero, Western CSO
Douglas N. Harness, Western CSO

Gerry Himes, Remtech Services, Inc., Western CSO
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APPENDIX A

Appointment of Type-B Accident Investigation Board




s AT i

m

United States Government Department of Energy

m e m o ra n d u m Western Area Power Administration

pare: JAM I i

EPLY TO

ATior:  A3000

waseer:  Accident Review Board—-Casa Grande Substation Accident, January 20, 1998

o: D. Vernon, Office of Security Evaluation, EH-21
G. Wegner, B000OO, Billings, MT
J. Bladow, JOOOQO, Loveland, CO

Reference A3000 memorandum of January 20, 1998, same subject, this memorandum
amends the Accident Investigation Board by replacing Craig R. Oliver with Larry
Romero. The Board members are as follows:

Gerald C. Wegner - Regional Manager
Billings, Montana; Chairman

Patrick M. Doak - Field Engineer
Huron, South Dakota

Troy Henry - Safety Specialist
(oveland, Colorado

Larry Romero - Electrical Engineer
olden, Colorado

Douglas N. Harness - Legal Advisor
olden, Colorado

Michael S. Cowan
Chief Program Officer

cc:

M. Hacskaylo, Acting ACO0OO

L. Juarez, Acting A0200

D. Harness, A0203

J. Dodd, Acting A0500 .

V. Ponce, A1000, (w/copy of Jan 20 memorandum)
L. Roux, A1300, (w/copy of Jan 20 memorandum)
L. Romero, A1300, (w/copy of Jan 20 memorandum)
J. Slawson, A3000

J. Harris, A3200.HU

P. Doak, A3220.HU

T. Dembrowski, A3700

D. Oison, BS300.HU

C. Olivier, B5314.HU

T. Carlson, GO00O, Phoenix, AZ

M. Lowell, G8C00, Phoenix, AZ

B. Marsh, JO700, Loveland, CO

T. Henry, JO710, Loveland, CO



WAPA ¥ 140059
~m

United States Government Department of Energ

m e m O ra n d u m | Western Area Power Administratio|

-an

DATE: JA\] 2 > T

REPLY TO

ATTNCOF:  A3000

sussect:  Accident Review Board-—-Casa Grande Substation Accident, January 20, 1998

to: D. Vernon, Office of Security Evaluations, EH-21
G. Wegner, B0O0O0O, Billings, MT
J. Bladow, JOOQQ, Loveland, CO

This memorandum establishes an Accident Investigation Board to investigate the
subject accident. The following Western employees will serve as Chairperson and
members until the review is closed.

Gerald C. Wegner - Regional Manager
Billings, Montana; Chairman

Patrick M. Doak - Field Engineer
Huron, South Dakota

Troy Henry - Safety Specialist
Loveland, Colorado

Craig R. Olivier - Electrician
Huron, South Dakota

Dou%as N. Harness - Legal Advisor
olden, Colorado

The scope of the board’s investigation will include, but is not limited to identifying all
relevant facts; analyzing those facts to determine the direct, contributing, and root
causes of the accident; developing conclusions; and determining the judgments of need
that, when implemented, should prevent the recurrence of the accident. The
investigation will specifically address the role of management systems as they may
have contributed to the accident and the application of lessons learned from similar
accidents within Western.

The team members may charge their time and expenses to work order number:
. CAG— 0006C 00 300186.

The report shall be forwarded by memorandum which states the Board’s
recommendations, to me within 30 calendar days of this correspondence.

Please keep the Office of Safety and Security advised of your progress and solicit their
assistance or the technical assistance of any others that you may need.

HIE T

Michael S. Cowan
Chief Program Officer



APPENDIX B

e Casa Grande Substation 12.47-kV Bus Structure Drawing
(Showing location of workers at time of the accident)

e Casa Grande Substation Temporary Swtiching Diagram
(Showing perimeter of safe working area)
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ED-2 ED-2 APS CO ED-2
LINE NO. 1 LINENO.2 TIELINE LINENO.3
12.5KV 12.5KV 12.5KvV 12.5KV CASA GRANDE SUBSTATION
l _J _J _I TEMPORARY CONFIGURATION
SWITCHING DIAGRAM
QZ3A L QZ2A¢  QzZ1AE Qz4aAg
12.47KV TRANSFER BUS
A _ 1325 { 1225 I 1125 ( 1025(
1 Wzes wz2B WZ1B WZ4B
| QzBE
| 1321 1221 1121 1021
| ' Yz3A YZ2A YZ1A YZ4A ' STATION SERVICE
| Kz3Af | 208/120V | gAFE CLEARANCE LIMIT
; ; 1322 1222 1122 1022 ;
| | JZ3A JZ2A JZ1A JZ4A KZ4A |
3 : | i 15KV BURIED
| | 1323 1223 1123 1023 | ‘ N
i 1421 | ! FZ4A ! UNDER
Cowgzag| o WesA WZ2A%, - WZIAY L WZ4AS, o1 * GROUND
| 12.47KV MAIN BUS N | CABLE
I Iz
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D B
i TEMPORARY
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3 661 !
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(EMPIRE)
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APPENDIX C

e Clearance Procedure and Switching Program

e Special Work Permit
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SWITCHING PROCEDURE FORM :
SOP REF # 605 PART ONE PROGRAM NO: -

REQUEST BY:HARTILL FOR:CL TIME: 1300 DATE: 1/12/98
SWITCH ST. TIME:0800 DATE: [/ /
HORK START TIME:(0900 DATE: 1/20/98 END- TIME:1300 DATE: 1/20/98

| STATION: CAG CASA GRANDE
PQUIPMENT:12.5-KV MAIN BUS TO INCLUDE STA. SER. (APS WILL CARRY LOAD).

13/98 28:35 WAPA DISPATCH » COOLIDGE SUB ND.928 PB22/026

| BETWEEN: OPEN,LOCKED & TAGGED 115-KvV MDI 661, DISCONNECI‘ 1023, 1123, 1223,

i 1323, / 1421 m REMOVED SECONDARY PQT. FUSES VZ2A ON 12.5-KV BUS.
L /
Vech.¥#
I NO. ISSUED TO BY TIME: _______ DATE:
i NO. ISSUBD TO BY TIME: __ ___ DATE:
i NO. ISSUED TO BY TIME: ______ DATE:
' NO.. ISSUED TO BY TIME: __ DATE:
| NO. RELEASED BY TO TIME: _____ DATE:
l NO. RELEASED BY TO TIME: ___ _ DATE:
' NO. RELEASED BY TO TIME: _____ DATE:
NO. RELEASED BY TO TIME: _____ DATE:

'wonx T0 BE DONE:INSTALL SAFETY BARRIER ON 12.5-KV BUS STR TO ALLOW CONST.
OF YARD AND JUMPERS FROM DISC. 1421 TOWARDS BUS WILL EE REMOVED.
OTHERS NOTIFIED:COL~ oo us-f&li{ﬁ# Ep2- £l
| AUTHORIZED BY:CWM TIME:1352  DATE: 1/12/98

PREPARED BY:CWH TIME: 1352 DATE: 1/12/98

CHECKED BY: TIME: DATE: -

' SWITCHING TO REMOVE EQUIPMENT FROM SERVICE: OK TO PROCEED

TINE: DATE: DISPATCHER SWITCHMAN

SWITCHING TO RETURN EQUIPMENT TO SERVICE: OK TO PROCEED

[ TIME: DATE: DISPATCHER SWITCHMAN

COMMENTS :

Revised: 12/10/97



91/13/98 B8:35

WAPA DISPATCH < COOLIDGE SUB

SWp2 PHOENIX AREA OFFICE
CaAG SWITCHING PROCEDURE FORM PROGRAX No: T§-0( 5
EQUIPMENT:12.5-KV MAIN RUS TO INCLUDE STA. SER. (APS WILL CARRY LOAD)
L i ==
PART TRO - PLACE ACTION
# WHO WHAT EQUIFPMENT AND DESCRIPTION TAG # TIME SWITCHMAN
1  DSP NOTIFY  APS, ED2. OF SWITCHING. 007 ~
M oN m@nmm I?rﬁos KV TO APS
TIE Kv. /
3 DSP CLOSE AT CAG, (AT APS REQUEST) PCB 1122, OW/
PARALLELING APS & WESTERN.
4 CAG CR CLOSED CB 1122 AT PCB. o343
5 CAG CLOSE DISCONNECT 1125. @j
6 CAG CKX CLOSED PCB 1022 AT PCR. avy
7 CAG CLOSE  DISCONNECT 1025. orys
8 CAG CK CLOSED PCB 1222 AT PCB. oj4s |
9 CAG CR CLOSED DISCONNECT 1225. 0,043
10 CAG CK CLOSED PCB 1322 AT BCB. OJ ¢
11 CAG CLOSE DISCONNECT 1325. OFY7
12 DSP QPEN AT CAG, PCB 1322. 0ry8 Dogw
13 DSP OPEN AT CAG, PCB 1222. 9549
14  DSP OPEN AT CAG, PCB 1022. 0799
15  DSP OPEN AT CAG, PCB 1122, (BREAKING PARALLEL). Ifgo |
(APS CARRYING EDZ LOAD VIA TRANSFER '
Bus) 3
—_— RocThie
16  CAG READ THE FOLLOWING REVENUE METERS: CG-236; 5353 BoyER
€G-237; CG~212. READ REVENUE METER CG
202 (APS IN).
17  DSP OPEN AT CAG, PCB 422, DE-ENERGIZING STA. o5s¥ Dogr
SER. AND MAIN 12.5-KV BUS, /
18 DSP OPEN AT CAG, MOI 661, DE-ENERGIZING TEMP L/T 056"7/
XFMR BANK.
— 0&7’”‘—;
19  CAG PLACE 43CS SWITCH MOI 661 170 LOCAL. me/S 0857 0974’(
20 CAG CK OPEN MOT 661 AT MOI AND DISABLE MOTOR vr7 07¢]
OPERATING MECHANISM.
21 CAG CK OPEN PCE 1322 AT BCB. O 72
22 Ccac oFmn DI=COMNERCT 1323. TAG -Z 0703 }

Reviged:12/10/97



81,1398 08:35 WAPA DISPATCH + COOLIDGE SUB

= - —-—— oo o

ND.SP@ PPB4/986

SWP2 PHOERIX AREA OPPICE %
CAG SWITCHING PROCEDURE FORN PROGRAM NO:
EQUIPMENT:12.5-KV MATN BUS TO INCLUDE STA. SER. (APS WILL CARRY LOAD).
—— SErmr=——r
PART TWO - PLACE ACTION
#  WHO WHAT EQUIPMENT AND DESCRIPTION TAG # TIME SWITCHMAN
/Q 0THLE
23 CAG CK OPEN PCB 1222 AT PCB. ajeY oy &
24 CAG OPEN DISCONNECT 1223. e/ 0%
26 CAG CK OPEN PCB 1122 AT FCB. O0Fey
26 CAG OPEN DISCONNECT 1123. mell 09l
27 CAG CK OPEN PCB 1022 AT PCR. o0t
28 CAG OPEN DISCONNECT 1023. me /O J%01
25 CAG REMOVE  12.5-KV SECONDARY POTENTIAL FUSES TO me 7 070§
MAIN BUS "VZ2A".
30 CAG CX OPEN m% DISCONNECT 1421. L/
{ SE). —[

Revised:12/10/97



p1-13/98 ©BB8:35 WAPA DISPATCH » COOLIDGE SUB NO.99¥ PFuvayrass
EWP3 PHOENIX AREA OFFICE _
CAG SWITCHING PROCEDURE FORM PROGRAM NO: ﬁ -06s
BQUIPW”Z.S*KV MAIN BUS TO INCLUDE STA. SER. (APS WILL CARRY LOAD),

PART THREE -~ REMOVE ACTION

# . WHO  WHAT EQUIPMENT AND DESCRIPTION TAG # TIME SWITCHMAN

1 DSP NOTIFY APS, ED2, OF SWITCHING.

2 421 TORARE / mwué\
CAG CK REMOVE JUMPERS HARDS T/RA
MAIN BUS. LONGER IN USE)}. i
1 CAG REPLACE FUSES "VZ2A" 12,5-RV NAIN BUS SECONDARY T/R hjZ‘ 1342 1
POTENTIAL.
4 CAG CK CLOSED STATION SERVICE PUSED DISCONNECT PZ4A. /3/ b
§ CAG CK OPEN PCB 1022 AT PCB. 13/
6 CAG CLOSE DISCONNECT 1023. TIa/O /}/ 7
7 CAG CK OPEN PCB 1122 AT FCB. [3/8
8 CAC CLOSE DISCONNECT 1123, el 519
9 CAG CK OFEN PCB 1222 AT PCB, [317
10 CAG CLOSE DISCONNECT 1223. T/R Zrl L0 |
11 CAG CK OPEN PCB 1322 AT PCB. /320
12 CAG CLOSE DISCONNECT 1323. om0 /32|
13 CAG CK OFEN [ECB 422 AT PCB. 132]
14 CAG CK CLOSED DISCONNECT 421. I3RA
15 CAG CK OPEN MOI 661 AT MOI AND ENABLE MOTOR ?/R 7 [O23
OPERATING MECHANISM.
16 CAG PLACE 43CS SWITCH MOI 661 TO SUPERVISORY v/R/S [JXJ/
— POSITION. /‘/09
17 DSP CLOSE AT CAG, MOI 661, ENERGIZNG TEMP XFMR (389 M
_— BANK.
(&
18 CAG CK CLOSED MOI 661 AT MOI. /‘/0,2\/€ T”g(
19 CAG CLOSE  PCB 422, ENPRGIZING 12.5-KV MAIN Bus VA nspty /4 1%
' AND STA. SER.
20 CAG MATCH u&gw 115-KV BUS W
. vo -
21  DSP CLOSE AT CAG, PCE 1122, PARALLELING WITH APS. 1Ry DorA
22 DSP CLOSE AT CAG, PCB 1022. JRs
—
23 Dbpsr crLoB® AT CAG, PGB 13323, [%ls
Revised:12/10/97
q\{\\fé'/’ O Mo ol = 1970
Ut'r‘ Opert? 0/5C g2k — I /&
('L o0s5ed ‘e “ /Y AL




SWP3
CAG

24
25
26
a7
a8

29
30
31
32
33

34

35

PHOENIX AREA OFFICE
SWITCHING PROCEDURE FORM

PROGRAM NO:
EQUIPMENT:12.5-KV MAIN BUS TO INCLUDE STA. SER. (APS WILL CARRY LOAD).

WHO  WHAT

DSP CLOSE
CAG CK CLOSED
CAG OPEN
CAG CX CLOSED

CAG CK CLOSED

CAG CK CLOSED
CAG OPEN
CAG CK CLOSED
CAG OPEN
DSP OPEN

CAG READ

DSP NOTIPY

= T

PART THREE - REMOVE ACTION
EQUIPMENT AND DESCRIFTION
AT CAG, PCB 1322.
PCB 1322 AT PCB.
DISCONNECT 132S.
PCB 1222 AT PCH.

DISCONNECT 1225. (LBAVE CLOSED,
ENERGIZING TRANSFER BUS).

PCB 1022 AT PCB.
DISCONNECT 1025.
PCB 1122 AT PCB.
DISCONNECT 1125.
AT CAG, PCB 1122, (BREAKING PARALLEL).

REVENUE METERS CG-236; CG-237; CG-212,
& CG 202 (APS IN).

APS ED2
SWITCHING COMPLETED,

==

TAG # TIME SWITCHMAN

125 ,o; ok

J3i _ﬁﬁt
/73#5_7- -
/437 |
1432
/438
/438
/938
1137
12 bogs
/%/_'3 R &

Reviged:12/10/97



WAPA £ 650015
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™
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UNITED STATES DEPARTMENT OF ENERGY
WESTERN AREA POWER ADMINISTRATION

SPECIAL WORK PERMIT
NUMBER(ZZ28-2&s ™

SOLICITATION NO.

A POWER SYSTEM (CLEARANCE) (HOT-ME-OROERHAS BEEN ISSUED ON THE FOLLOWING FACILITY,
(MARK ONE OUT)

_&;L_&M_cé‘_&;“ /J( o/ VA <, Sey

TO PERMIT WORK BY CONTRACTOR FORCES. THE UNDERSIGNED HAVE DISCUSSED THE WORK TO BE DONE, REVIEWED THE
DETAILS OF THE ABOVE LISTED PROTECTIVE ACTION FOR ADEQUACY, AND DEFINED THE LIMITS AND CONDITIONS OF THE
SAFE WORKING AREA. THE LIMITS OF THE SAFE WORKING AREA ARE AS FOLLOWS:

Open fucheod ¥ Zoged ISHY X GkS
A _

7 . - Lise S, #1623 Fyns,

Lazz, #323 #0582 ool Kewived  Secondiry

ML&QLZ&ZL@«. L0 # B e

Dﬁ(‘l INAEAIT | OO ATION NE GRGHND

REATA ALl A EEEE T AW, AW L aaw |

LEADS ON SPECIAL WORK PERMIT!

When work comglete, visual
Issuing Dispatcher: / PV 2N methss Al o mplete, visuaily

LA lf’ AT

Releasing Dispatcher: /ﬁf Ay % 5 ﬁgﬂCIUgin?jég{%ttaQﬁ; sliggd
- ‘ .
Release Time: /37 Y the documentation Brogess)

NOTE: Draw sketches and/or single line diagrams on reverse side showing safe working limits and hazards if applicable.

w = - 2 -
[E-GEERRANCE 2 _‘%‘ﬁ%
5, ‘ (Signat
O HOT LINEORDER ~ DATE L=2-ZZ7 TMe L9/ F AGENCY EMPLOYEE HOLDING ACTION

This Work Peceni 3 Date _/~e2-P7 Time @520
@ Zed with the work in the area dgéignated above. ;

' ( i
CONTRACTOR'S AUTHORIZED REPRESENTATIVE AGENCY REPRESENTATIVE IN CHARGE
AT THE WORKSITE AT THE WORKSITE

RELEASE OF SPECIAL WORK PERMIT

I HEREBY CERTIFY THAT ALL PROTECTIVE GROUNDS AND BARRIERS HAVE BEEN REMOVED
AND THAT ALL PERSONNEL ARE CLEAR OF THE AREA COVERED BY THIS WORK PERMIT.

COW' WED R%TWE (SIGNATURE) DATE TIME
[tz g //é [=A0- I8 (1 05 £

Q&M coPY

CONSTRUCTION COPY
CONTRACTOR COPY i
OTHER




DOCUMENTATION OF GROUND LEAD LOCATIONS

--------------------------------------------------------------------------

Date/Time | Sup't/WAPA | Date/Time | Sup’t/WAPA
Location of Grounds Installed | Initials Removed Initials

..........................................................................
PARABAAARAARAAANARTAR AR AR A RANARNRARAKRRAARAAANA RBEAR AR AXRKRARNREERERERERERNREILEELERREKERERRK ANAARAARKRRRERNN

SKETCH LOCATION OF GROUNDS (if needed)
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